Aims: Analytical interference in the clinical laboratory is a well-known phenomenon. When analyzing samples containing monoclonal immunoglobulins (M proteins), various problems could be encountered in the clinical laboratory data. Presentation of Case: The authors report a patient with false elevated plasma creatinine concentration due to interference of monoclonal IgM in a routine test for creatinine determination. In the present case the interference might be caused by M protein precipitation, due to an increased turbidity and an apparent increase of absorbance in the clinical chemistry creatinine assay. Sia water test can provide a first clue to M protein aggregation; confirmation can be obtained by Yukimasa et al.; IJMPCR, 8(1): 1-7, 2016; Article no.IJMPCR.29258 2 observing the time/absorbance curves of the analysis. When a Sia water test was performed with changes in the salt concentration, protein aggregation occurred at a higher salt concentration for the lithium (Li)-heparin plasma sample than the serum. Discussion and Conclusion: These results suggested that the M protein of this patient, when interacted with Li-heparin, is more readily insolubilized. Subsequently, a reaction reproduction experiment was performed by adding the M protein component roughly purified to Li-heparin blood collection tubes. These results might support the aggregation of the M protein of this patient in the reaction solution due to its interaction with Li-heparin.
INTRODUCTION
Analytical interference in the clinical laboratory is a well-known phenomenon and has many different causes. In daily laboratory tests, interactions between co-existing substances in samples and the components of reaction reagents sometimes affect measurement values, resulting in values deviating from the actual values. Such interference can be caused by abnormal reactions due to monoclonal immunoglobulins (M proteins) [1] . Concerning test items frequently affected by such reactions, a previous review showed false-positive results on the measurement of inorganic phosphate [2] . Abnormal reactions due to M proteins are often caused by their aggregation and turbidity in reaction solutions, affecting various laboratory test items in addition to inorganic phosphate [3] [4] [5] [6] [7] . Interferences caused by immunoglobulins are more difficult to test, however they should be important.
The aim of the study is to encountering a patient with B-cell malignant lymphoma in whom an interaction between IgM-λ type M protein and lithium (Li)-heparin affected the measurement value of creatinine.
PRESENTATION OF CASE
A 60-year-old Japanese male visited the Department of Hematology of Showa University Hospital in 1993 for treatment after the excision of tongue cancer, and was admitted and diagnosed with malignant B-cell lymphoma by histopathological examination and cytology. In 1998, the initial treatment was completed (after 5 years he was discharged). In 2006, he was admitted again due to suspected pulmonary infiltration of lymphoma. Table 1 demonstrates the findings of emergency biochemical tests and the measurement of immunoglobulins at the time of re-admission in May 2006. There was dissociation between the urea nitrogen (15.1 mg/dL) and creatinine (3.6 mg/dL) values. Since the previous creatinine value before admission was normal, there was also dissociation between the previous and emergency test values. Therefore, the cause of the high creatinine value shown by the emergency test was investigated. 1-a) . Immunoelectrophoresis performed later revealed a reaction due to the anti-IgM and anti-L chain λ antibodies as a retention precipitation line toward the origin (Fig. 1-b) , and the sample was treated with 2-mercaptoethanol (2-ME). A clear M-bow was observed, and the IgM-λ type M protein was identified ( Fig. 1-c) . Bone marrow puncture showed slight abnormalities such as the accumulation of small lymphocyte-like cells with a narrow cytoplasm and twisted nucleus ( Fig. 1-d The reaction process was compared between the Li-heparin plasma sample and the other 2 types of sample. The reaction process did not differ between the serum and EDTA-2K plasma samples. However, in the Li-heparin sample, absorbance increased after the addition of the first reagent and after the addition of the second reagent (Fig. 2) . When the creatinine measurement reaction was reproduced in test tubes, turbidity occurred in the Li-heparin plasma sample after the addition of the second reagent, confirming that the cause of the increase in absorbance was protein aggregation. The ionic strength of the second reagent is 0.070 in this kit.
Sia water test (Sia euglobulin precipitation test)
The Sia water test [8] is a classical method for the identification of IgM type M protein in macroglobulinemia. Its usefulness is recognized even at present [9] . The Sia water test using samples from this patient was positive for all of 
in (d). These results were detected after the start of therapy; the peak of M protein was attenuated
the Li-heparin plasma, EDTA plasma, and serum samples. However, a serum sample presented around the same time from another patient (multiple myeloma) with the IgM-λ type M protein for the control was negative, showing no influences on the creatinine measurement.
In this patient, since both the plasma and serum samples were positive for the Sia water test, evaluation was performed to determine whether or not the salt concentration causing turbidity differs between the Li-heparin plasma and serum samples. In Fig. 3 , the left end indicates a salt concentration of 0 mmol/L, and the right end indicates the maximum salt concentration (139 mmol/L). The upper photograph shows the addition of a Li-heparin plasma sample, and turbidity was observed at a salt concentration of 92 mmol/L (ionic strength: 0.092). The lower photograph shows the addition of a serum sample, and turbidity was observed at a salt concentration of 62 mmol/L (ionic strength: 0.062). Thus, the salt concentration causing turbidity differed between the Li-heparin plasma and serum samples.
Reproduction of the interaction between purified M protein and Liheparin
The protein component was washed and the roughly purified M protein component of the patient was re-dissolved in physiological saline. This solution (1 mL) was added to a Li-heparin blood collection tube, and creatinine was measured. As a result, no reaction was observed in the measurement of creatinine using a control sample without Li-heparin (measurement value: 0.03 mg/dL), but a measurement value was obtained using a sample with Li-heparin (0.64 mg/dL). These results suggest that the interaction between the M protein component of this patient and Li-heparin affected the measurement of creatinine. The main component of the purification product was confirmed to be IgM type M protein by immunoelectrophoresis (IEP) and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (Fig. 4) .
DISCUSSION
In daily laboratory tests, abnormal values that do not reflect the pathological condition are often encountered. As a cause of such abnormal values, interference by M proteins has frequently been reported. In particular, the aggregation reaction of M proteins in the reaction solution is known to be a problem [1] [2] [3] [4] [5] [6] [7] .
The accurate mechanism of the protein aggregation reaction remains unclear. However, a previous study suggested that differences in the isoelectric point among proteins are associated with solubility [10] . The acidity of the In this patient, since both the plasma and serum samples were positive for the Sia water test, evaluation was performed to determine whether or not the salt concentration causing turbidity differs between the Li-heparin plasma and serum samples. In Fig. 3 , the left end indicates a salt concentration of 0 mmol/L, and the right end indicates the maximum salt concentration (139 mmol/L). The upper photograph shows the addition of a Li-heparin plasma sample, and turbidity was observed at a salt concentration of 92 mmol/L (ionic strength: 0.092). The lower photograph shows the addition of a serum sample, and turbidity was observed at a salt concentration of 62 mmol/L (ionic strength: 0.062). Thus, the salt concentration causing turbidity differed between the Li-heparin plasma and serum samples.
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Fig. 4. The main components of the Sia water test purification product (a): Immunoelectrophoresis (IEP). (b): Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The arrow indicate the M protein components
reaction reagent affects the protein conformation, resulting in an aggregation reaction [11] . We considered the possible influences of the ionic strength, and performed a Sia water test. Both the serum and plasma samples were positive.
Our results suggested that the M protein of this patient, when interacted with Li-heparin, is more readily insolubilized. Subsequently, a reaction reproduction experiment was performed by adding the M protein component roughly purified reaction reagent affects the protein conformation, resulting in an aggregation reaction [11] . We considered the possible influences of the ionic strength, and performed a Sia water test. Both the serum and plasma samples were positive.
Our results suggested that the M protein of this patient, when interacted with Li-heparin, is more readily insolubilized. Subsequently, a reaction reproduction experiment was performed by adding the M protein component roughly purified using the Sia water test to Li-heparin blood collection tubes. After the addition of the roughly purified M protein to Li-heparin, a creatinine value was obtained. However, no reaction was observed using only the roughly purified M protein component as a control. These results support the aggregation of the M protein of this patient in the reaction solution due to its interaction with Li-heparin.
Concerning the ability of ions to promote the aggregation of high molecular weight colloids, Hofmeister series are known, and among cations, Li has the strongest ability [12] . Therefore, there is a possibility that the aggregation ability of the patient's M protein was increased by Li ions, resulting in abnormal reactions. The influences of M protein aggregation on measurement values are often associated with the IgM type M protein.
Regarding its mechanism, the charge state rather than molecular hydrophobicity is involved. Inhibition of aggregation was reported to be possible using charged molecules such as EDTA [13] . The serum of the myeloma patient with the IgM-λ type M protein as a control was negative for the Sia water test. However, when M proteins which are produced and increased as monoclonal clones due to cell changes into tumors, are charged molecules with a marked tendency to become insoluble, their possible influences on the measurement systems of laboratory tests are considered.
Li-heparin blood collection tubes are used for emergency biochemical tests because of advantages such as reductions in fibrin deposition and the time from sample presentation until tests. Using Li-heparin tubes, the measurement values of potassium and lactate dehydrogenase (LD) were reported to increase [14] . This was a rare case of abnormal measurement reactions due to the combination of the M protein and Li-heparin. The overlooking of examination data due to abnormal reactions sometimes leads to serious medical malpractice [15] . When Li-heparin blood collection tubes are used, the possibility of such abnormal reactions should be recognized.
CONCLUSION
The present report could be important for an abnormal phenomenon in daily laboratory tests. We are going to apply this case as a document for group working discussion in the lectures of clinical immunology curriculum. The present case might be beneficial for especially clinicians working in Hematology, Oncology, Emergency, and Biochemistry Departments.
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